A simultaneous analysis (in the model-independent approach) of the ππ scattering (from the threshold to 1.9 GeV) and of the ππ → KK process (from the threshold to ∼ 
Introduction
The discovered states in the scalar sector and their properties do not allow one up to now to make up the scalarnonet. Difficulties in understanding these mesons are related to the theoretical explanation of their properties and obtaining a model-independent information on these objects as wide multichannel states. Earlier, we have shown [1] that an inadequate description of multichannel states gives not only their distorted parameters when analyzing data but also can cause the fictitious states when one neglects important channels. In this 1 E-mail address: surovcev@thsun1.jinr.ru report, we shall show that the large background, which earlier one has obtained in various analyses of the s-wave ππ scattering [2] , hides, in reality, the σ-meson and the influence of the left-hand branch-point. The state with the σ-meson properties is required by most models (like the linear σ-models and the Nambu -Jona-Lasinio models [3] ) for spontaneous breaking of chiral symmetry. We obtain also an indication for the glueball nature of the f 0 (1500) and for the dominant ss component of the f 0 (1370) state.
A model-independent information on multichannel states and their QCD nature can be obtained only on the basis of the first principles (analyticity and unitarity) immediately applied to analyzing experimental data and using the mathematical fact that a local behaviour of analytic functions, determined on the Riemann surface, is governed by the nearest singularities on all sheets. Earlier, we have proposed that method for 2-and 3-channel resonances and developed the concept of standard clusters (poles on the Riemann surface) as a qualitative characteristic of a state and a sufficient condition of its existence [1, 9] . We outline this below for the 2-channel case. Then we analyze simultaneously experimental data on the processes ππ → ππ, KK in the channel with I G J P C = 0 + 0 ++ . On the basis of obtained pole clusters for resonances, their coupling constants with the considered channels and the scattering lengths, compared with the results of various models, we conclude on the nature of the observed states and on the mechanism of chiral-symmetry breaking.
Two-Coupled-Channel Formalism
We consider the coupled processes of ππ and KK scattering and ππ → KK. Therefore, we have the two-channel S-matrix determined on the 4-sheeted Riemann surface. The S-matrix elements S αβ , where α, β = 1(ππ), 2(KK), have the right-hand (unitary) cuts along the real axis of the s-variable complex plane (s is the invariant total energy squared), starting at 
signs (Imk 1 , Imk 2 ) = ++, −+, −−, +− correspond to the sheets I, II, III, IV.
To obtain the resonance representation on the Riemann surface, we express analytic continuations of the matrix elements to the unphysical sheets S 
; in the limited energy interval, F (s) is proportional to the squared product of the coupling constants of the considered state with channels 1 and 2. Formulae (1) immediately give the resonance representation by poles and zeros on the 4-sheeted Riemann surface. Here one must discriminate between three types of resonances -which are described (a) by a pair of complex conjugate poles on sheet II and, therefore, by a pair of complex conjugate zeros on the Ist sheet in S 11 ;
(b) by a pair of conjugate poles on sheet IV and, therefore, by a pair of complex conjugate zeroes on sheet I in S 22 ; (c) by one pair of conjugate poles on each of sheets II and IV, that is by one pair of conjugate zeroes on the physical sheet in each of matrix elements S 11 and
As seen from (1), to the resonances of types (a) and (b) one has to make correspond a pair of complex conjugate poles on sheet III which are shifted relative to a pair of poles on sheet II and IV , respectively. For the states of type (c), there are two pairs of conjugate poles on sheet III. Thus, we arrive at the notion of three standard pole-clusters which represent two-channel bound states of quarks and gluons. The cluster must be a compact formation (on the s-plane) of size typical for strong interactions (< 150 − 200 MeV). The cluster type must be defined by a state nature. We can distinguish a bound state of particles (colourless objects) and bound states of quarks and gluons. The resonance, coupled relatively more strongly with the 1st (ππ) channel than with the 2nd (KK) one, is described by the pole cluster of type (a); in the opposite case, by the cluster of type (b) (e.g., if it has a dominant ss component); finally, a flavour singlet (e.g., glueball),i.e., the state having approximately equal coupling constants with the considered members of the nonet is represented by the cluster of type (c) as a necessary condition.
For the simultaneous analysis of experimental data on the coupled processes it is convenient to use the Le Couteur-Newton relations [11] expressing the S-matrix elements of all coupled processes in terms of the Jost matrix determinant d(k 1 , k 2 ), the real analytic function with the only square-root branch-points at k i = 0 [12] . To take account of these right-hand branch-points, the corresponding uniformizing variable should be used. Earlier, this was done by us in the 2-channel consideration [9] with the uniformizing variable
, which was proposed in Ref. [12] and maps the 4-sheeted Riemann surface with two unitary cuts, starting at the points 4m analyzing the s-wave ππ scattering in the one-channel approach [13] and in the two-channel one [10] . In latter work, the uniformizing variable k 2 has been used, therefore, their approach cannot be employed near the ππ threshold.)
When analyzing the processes ππ → ππ, KK by the above methods in the 2-channel approach, two resonances (f 0 (975) and f 0 (1500)) are found to be sufficient for a satisfactory description (χ 2 /ndf ≈ 1.00). However, in this case, a large ππ-background has been obtained. A character of the representation of the background (the pole of second order on the imaginary axis on sheet II and the corresponding zero on sheet I) suggests that a wide light state is possibly hidden in the background. To check this, one must work out the background in some detail.
Now we take into account also the left-hand branch-point at s = 0 in the uniformizing
This variable maps the 4-sheeted Riemann surface, having (in addition to two above-indicated unitary cuts) also the left-hand cut starting at the point s = 0, onto the v-plane. (Note that the analogous uniformizing variable has been used, e.g., in Ref. [14] at studying the forward elastic pp scattering amplitude.) In Fig On v-plane the Le Couteur-Newton relations are [9, 12] 
Then, the condition of the real analyticity implies d(−v * ) = d * (v) for all v, and the unitarity needs the following relations to hold true for the physical v-values: represents the contribution of resonances, described by one of three types of the pole-zero clusters, i.e., except for the point v = 0, it consists of the zero s of clusters:
where M is the number of pairs of the conjugate zeros.
Analysis of experimental data
We analyze simultaneously the available experimental data on the ππ-scattering [15] and the process ππ → KK [16] in the channel with I G J P C = 0 + 0 ++ . As data, we use the results of phase analyses which are given for phase shifts of the amplitudes (δ 1 and δ 12 ) and for moduli of the S-matrix elements η 1 (the elasticity parameter) and ξ:
("1" denotes the ππ channel, "2" -KK). The 2-channel unitarity condition gives η 1 =
We have taken the data on the ππ scattering from the threshold up to 1.89 GeV. Then, comparing experimental data for ξ with calculated values using experimental points for η, one can see that the 2-channel unitarity takes place to about 1.4 GeV. With the presented picture, the satisfactory description for the modulus (ξ) of the ππ → KK matrix element is given from the threshold to ∼ 1.4 GeV (Fig.4, Figure 3 : The same as in Fig. 2 but for the elasticity parameter η. the parameterless description of the ππ background, one must take into account the part of the KK background that does not contribute to the ππ-scattering amplitude. Note that the variable v is uniformizing for the ππ-scattering amplitude, i.e., on the v-plane, S 11 has no cuts, however, the amplitudes of the KK scattering and ππ → KK process do have the cuts on the v-plane, which arise from the left-hand cut on the s-plane, starting at the point
. This left-hand cut will be neglected in the Riemann-surface structure, and the contribution on the cut will be taken into account in the KK background as a pole on the real s-axis on the physical sheet in the sub-KK-threshold region. On the v-plane, this pole gives two poles on the unit circle in the upper half-plane, symmetric to each other with respect to the imaginary axis, and two zeros, symmetric to the poles with respect to the real axis, i.e., at describing the process ππ → KK, one additional parameter is introduced, say, a position p of the zero on the unit circle. Therefore, for B K we take the form
The fourth power in (6) is stipulated by the following. First, a pole on the real s-axis on the physical sheet in S 22 is accompanied by a pole in sheet II at at the same s-value (as it is seen from eqs. (1)); on the v-plane, this implies the pole of second order. Second, for the s- Figure 5 : The same as in Fig. 4 but for the phase shift (δ 12 ). 
channel process ππ → KK, the crossing u-and t-channels are the π−K and π−K scattering (exchanges in these channels give contributions on the left-hand cut). This results in the additional doubling of the multiplicity of the indicated pole on the v-plane. The expression (6) does not contribute to S 11 , i.e., the parameterless description of the ππ background is kept. A satisfactory description of the phase shift δ 12 ( √ s) (Fig.5 ) is obtained to ∼ 1.52
GeV with the value of p = 0.948201 + 0.31767i (this corresponds to the pole position on the s-plane at s = 0.434GeV 2 ). Here 59 experimental points [16] are considered; χ 2 /ndf ≈ 3.05 when eliminating the points at energies 1.117, 1.247, and 1.27 GeV (with especially large contribution to χ 2 ). The total χ 2 /ndf for four analyzed quantities to describe the processes ππ → ππ, KK is 2.12; the number of adjusted parameters is 17.
In Table 1 , the obtained poles on the corresponding sheets of the Riemann surface are shown on the complex energy plane ( √ s r == E r − iΓ r ). Since, for wide resonances, values of masses and widths are very model-dependent, it is reasonable to report characteristics of pole clusters which must be rather stable for various models. Table 2 (we denote the coupling constants with the ππ and KK systems through g 1 and g 2 , respectively).
In this 2-channel approach, there is no point in calculating the coupling constant of the f 0 (1500) state with the KK system, because the 2-channel unitarity is valid only to 1.4
GeV, and, above this energy, there is a considerable disagreement between the calculated amplitude modulus S 12 and experimental data.
We see that a minimum scenario of the simultaneous description of the processes ππ → ππ, KK does not require the f 0 (1370) resonance. Therefore, if this meson exists, it must be relatively more weakly coupled to the ππ channel than to the KK one, i.e., it should be described by the pole cluster of type (b) (this would testify to the dominant ss component in this state). To confirm quantitatively this qualitative conclusion [17, 18] MeV   II  610±14 610±26  986±5 25±8  1530±22 390±28   III  720±15 55±9  984±16 210±25 1340±21 380±25 1490±30 220±25   1510±22 370±30 IV 1330±18 270±20 1490±20 300±35 Table 4 : Coupling constants of the observed states with the ππ (g 1 ) and KK (g 2 ) systems in solution (2) . In Table 3 , the obtained poles on the corresponding sheets of the Riemann surface are shown on the complex energy plane ( √ s r = E r − iΓ r ).
When calculating the coupling constants, we must take, for the f 0 (1370) state, the residues of amplitudes at the pole on sheet IV. In Table 4 , the obtained values of coupling constants are shown. We see that the f 0 (980) and especially the f 0 (1370) are coupled essentially more strongly to the KK system than to the ππ one. This tells about the dominant ss component in the f 0 (980) state and especially in the f 0 (1370) one.
Let us indicate also scattering lengths calculated for both solutions. For the KK scattering, we obtain (2)).
The presence of the imaginary part in a 0 0 (KK) reflects the fact that, already at the threshold of the KK scattering, other channels (2π, 4π etc.) are opened. We see that the real part of KK scattering length is very sensitive to the existence of the f 0 (1370) state.
In Table 5 , we compare our results for the ππ scattering length a 0 0 obtained for both solutions with results of other works both theoretical and experimental ones. We see that our results correspond to the linear realization of chiral symmetry.
We have here presented model-independent results: the pole positions, coupling constants, and scattering lengths. Masses and widths of these states that should be calculated from the obtained pole positions and coupling constants are highly dependent on the used
model. Let us demonstrate this.
If the state f 0 (665) is the σ-meson, then from the known relation
(here f π 0 is the constant of the weak decay of the π 0 : f π 0 = 93.1 MeV) we obtain m σ ≈ 342
MeV. That small value of the σ-mass can be explained in part by the mixing with the f 0 (980) state [24] . If we take the resonance part of the amplitude as
we obtain m σ ≈ 850 MeV and Γ ≈ 1240 MeV.
Conclusions
In the model-independent approach consisting in the immediate application to the analysis of experimental data of first principles (analyticity-causality and unitarity), a simultaneous description of the isoscalar s-wave channel of the processes ππ → ππ, KK from the thresholds to the energy values, where the 2-channel unitarity is valid, is obtained with three states (f 0 (665), f 0 (980) and f 0 (1500)) being sufficient. A parameterless description of the ππ background is given by allowance for the left-hand branch-point in the proper uniformizing variable. It is shown that the large ππ-background, usually obtained in various analyses, combines in reality the influence of the left-hand branch-point and the contribution of a wide resonance at ∼ 665 MeV. Thus, a model-independent confirmation of the state denoted in the PDG issues by f 0 (400 − 1200) [2] is obtained. This is the σ-meson required by majority of models for spontaneous breaking of chiral symmetry. Note also that a light σ-meson is needed, for example, for an explanation of K → ππ transitions using a Dyson -Schwinger model [25] . We emphasize that we have given, in fact, the first real proof of the σ-meson existence, because our analysis is based only on the first principles (i.e.,it is dynamical-free) and on the mathematical fact that a local behaviour of analytic functions determined on the The analysis of the used experimental data tells that, if the f 0 (1370) resonance exists (soluiton (2)), it has the dominant ss component, because the ratio of its coupling constant with the ππ channel to the one with the KK channel is 0.12 (as to that assignment of the f 0 (1370) resonance, we agree, e.g., with the work [26] ). A minimum scenario of the simultaneous description of the processes ππ → ππ, KK does without the f 0 (1370) resonance. The KK scattering length is very sensitive to the existence of this state.
The f 0 (1500) state is represented by the pole cluster which corresponds to a glueball. This type of clusters reflects the flavour-singlet structure of the glueball wave function and is only a necessary condition of the glueball nature of the f 0 (1500) state.
We think that multichannel states are most adequately represented by clusters, i.e. by the pole positions on all corresponding sheets. The pole positions are rather stable characteristics for various models, whereas masses and widths are very model-dependent for wide resonances.
Finally, note that in the model-independent approach, there are many adjusted parameters (although, e.g. for the ππ scattering, they all are positions of poles describing resonances). The number of these parameters can be diminished by some dynamic assumptions,
